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PURPOSE: To obtain the information on a blood flow rate with 
high accuracy in real time by simultaneously scanning the blood 
vessel to be diagnosed with color Doppler for one of biplane 
sectors and a B mode for the other by control means using the 
biplane sectors which can scan orthogonal two planes aind the 
transmission and reception circuit thereof. 

CONSTITUTION: The signsd transmission and reception circuit 2 
scans the biplane sectors 1 and transmits and receives 
ultrasonic signals. A B mode detection signal processing circuit 6 
executes the amplitude detection and signal processing for 
obtaining the B mode image of the section of a testee body and 
the output thereof is displayed via a digital scan converter(DSC) 
7 on a display means 1 1 . The information on the blood flow 
velocity obtd. by a frequency analyzer 5 and the information on 
the blood vessel section obtd. by a sectional area detector 8 are 
corrected by the angle correction data from an angle detector 9 
in a sectional angle corrector 1 3 and the blood flow rate is 
calculated by a blood flow calculator 1 0. The information on the 
blood flow velocity is subjected to angle correction by an angle 
converte4r 1 2 and is displayed as the CFM image of the section 
A via the DSC 7. 
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(54) ULTRASONIC DIAGNOSTIC DEVICE 

(57)Abstract: 

PURPOSE: To obtain the information on a blood flow rate with 
high accuracy in real time by simultaneously scanning the blood 
vessel to be diagnosed with color Doppler for one of biplane 
sectors and a B mode for the other by control means using the 
biplane sectors which can scan orthogonal two planes and the 
transmission and reception circuit thereof. 
CONSTITUTION: The signal transmission and reception circuit 
2 scans the biplane sectors 1 and transmits and receives 
ultrasonic signals. A B mode detection signal processing circuit 
6 executes the amplitude detection and signal processing for 
obtaining the B mode image of the section of a testee body and 
the output thereof is displayed via a digital scan converter 
(DSC) 7 on a display means 1 1. The information on the blood 
flow velocity obtd. by a frequency analyzer 5 and the 
information on the blood vessel section obtd. by a sectional 
area detector 8 are corrected by the angle correction data from 
an angle detector 9 in a sectional angle corrector 13 and the 
blood flow rate is calculated by a blood flow calculator 10. The 
information on the blood flow velocity is subjected to angle 

correction by an angle converte4r 12 and is displayed as the CFM image of the section A via the DSC 
7. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The control means for changing the transducer array of the 2-way which intersects 
perpendicularly, and the vibrator of each of this direction according to each ultrasonic scanning direction, A 
means to detect the Doppler information on a blood flow from one scan layer, and a means to ask for the 
include angle which an ultrasonic beam and the direction of a blood flow make from the scan layer of 
another side, The ultrasonic diagnostic equipment characterized by having a means to ask for the cross 
section of the blood vessel amended based on said include angle, a means to search for the blood rate-of- 
flow information amended based on said include angle from said Doppler information, and the cross section 
of said blood vessel and a means to search for blood stream information from said blood rate-of-flow 
information. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use o£ this translation. 

1 .This document has been treinslated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention searches for the blood- flow information in analyte from two cross 
sections of a blood vessel, and relates to the ultrasonic diagnostic equipment with which displays this on real 
time and the diagnosis was presented. 
[0002] 

[Description of the Prior Art] To one cross section of the blood flow which is flowing in analyte (usually 
patient), by using together an ultrasonic doppler method and tomograms (B mode image), such as a pulsed 
Doppler and color Doppler, a blood distribution image (Doppler image) is obtained with one probe, and the 
ultrasonic blood-flow imaging instrument which blood-flow information is quantified [ imaging instrument ] 
to this in piles, and was made to carry out color display of the tomogram (B mode image) to it on real time is 
known. However, in such a blood-flow imaging instrument, since only the blood-flow information over one 
cross section of a blood flow was acquired, when asking for a blood distribution image (Doppler image), the 
include angle with a beam direction and the direction of a blood flow was made in many cases, and there 
was a problem that the blood-flow information that precision is high was not acquired. Although a means to 
scan two cross sections using one more probe or two probes is also known, when using this as an endoscope 
supersonic-wave probe of seeing the major axis of the heart, and a minor axis, for example through an 
esophagus, it is very difficult to see the cross section which changes a location 90 degrees and intersects 
perpendicularly within an esophagus with a single probe, or to arrange two probes in the rectangular 
direction. By the way, the principle of operation in the case of measuring a flow velocity with an ultrasonic 
blood-flow imaging instrument is as follows. 

[0003] namely, — if a supersonic wave is transmitted from a probe to the blood flow which is flowing in the 
living body [ which is analyte ] — transmit frequencies fO of this ultrasonic beam it is scattered about by the 
corpuscle which is a mobile — having — Doppler deviation — winning popularity — frequency fd only — 
changing — f=fd+fO It becomes a frequency and is received by the same probe. At this time, it is the Doppler 
deviation frequency fd. It can be shown like a degree type. 

:0004] 

Equation 1] 

here — Vraverage flow-velocity theta: — include-angle C: of an ultrasonic beam and a blood flow to make — 
acoustic velocity, therefore Doppler deviation frequency fd It can ask for the average flow velocity V by 
detecting as follows. 
[0005] 
[Equation 21 

v= ^-f^ 



2"fo - cosd 



Set to theta= 0 if the ultrasonic beam and the direction of a blood flow are parallel at this time, a top type is 

[0006]. 

[Equation 3] 

v= 

2 • f 0 
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It becomes. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, in the blood-flow measurement by CFM (color flow 
mapping) in the conventional ultrasonic blood-flow imaging instrument, the pulsed Doppler, etc., it asks for 
the diameter of a blood vessel according to a B mode image first, and considers based on this that a blood 
vessel cross section is circular or an ellipse form, and the cross section of a blood vessel is computed. And it 
asked for the average flow velocity by spectrum Doppler, and was a imaging **** thing in approximation 
about the blood streeim by such information. Moreover, in order to take the approach of, for example, asking 
for the blood vessel cross-sectional area from a B mode image or a CFM image (color Doppler image) from 
a minor axis, moving a probe next and searching for the direction of a blood flow from another direction of 
a major axis, for example, the direction, there is no security of scanning the same location of a blood vessel, 
and there was a problem that it could not ask on about [ that the precision of quantification of a blood stream 
is not acquire enough ] and real time. [ a certain ] 

[0008] Then, this invention is made in view of the above-mentioned situation, and it aims at offering the 
ultrasonic diagnostic equipment which can search for the blood stream information that precision is more 
high, on real time compared with conventional equipment. 
[0009] 

[Means for Solving the Problem] The control means for changing the transducer array of the 2-way which 
intersects perpendicularly, and the vibrator of each of this direction according to each ultrasonic scanning 
direction, in order to attain the above-mentioned object, A means to detect the Doppler information on a 
blood flow from one scan layer, and a means to ask for the include angle which an ultrasonic beam and the 
direction of a blood flow make from the scan layer of another side. It is characterized by having a means to 
ask for the cross section of the blood vessel amended based on said include angle, a means to search for the 
blood rate-of-flow information amended based on said include angle from said Doppler information, and the 
cross section of said blood vessel and a means to search for blood stream information from said blood rate- 
of-flow information. 
[0010] 

[Function] According to the ultrasonic diagnostic equipment of the above-mentioned configuration, the 
control means using the BAIPU rain sector which is ultrasonic ****** ^hich can scan two cross sections 
which intersect perpendicularly, and its transceiver circuit enables it to search for simultaneously the flow 
velocity amended from two cross sections, the blood vessel cross section, and the direction of a blood flow 
by scanning color Doppler for one side of a BAIPU rain sector, and scanning the target blood vessel for 
another side simultaneously by the B mode. A blood stream with a precision high thereby more is 
computable. 
[0011] 

[Example] Hereafter, an example is explained for this invention in fiiU detail with reference to a drawing. 
[0012] Drawing 1 is the block diagram of the ultrasonic diagnostic equipment of the 1st example of this 
invention. This ultrasonic diagnostic equipment has the BAIPU rain sector 1 which is ultrasonic ****** 
equipped with the transducer array of the 2-way which intersects perpendicularly, the transceiver circuit 2, B 
mode detection and a digital disposal circuit 6, DSC (digital scan converter)?, the mulberry DORACHA 
detector circuit 3, the Wall filter 4, the frequency analysis machine 5, the cross-section detector 8, the 
include-angle detector 9, the blood stream calculation machine 10, the display means 11, the angle- 
correction machine 12, and the cross-section angle-correction machine 13, and changes. An operation of the 
equipment of the above-mentioned configuration is explained below. 

[0013] Respectively ultrasonic ****** i called a BAIPU rain sector arranges two or more ultrasonic 
vibrators to the 2-way which intersects perpendicularly in the shape of an array, grows into it, and performs 
the transmission-and-reception wave of a supersonic wave towards analyte (not shown). This ultrasonic 
****** is called a BAIPU rain sector below. The transceiver circuit 2 is a control means which scans the 
BAIPU rain sector 1 sequential or by turns, and transmits and receives a supersonic wave. Drawing 8 shows 
signs that scan layers A and B are scanned one by one by the BAIPU rain sector 1 . Moreover, drawing 9 
shows signs that the raster which has a scan layer A by the BAIPU rain sector 1 , and a raster with a scan 
layer B are scanned by turns. B mode detection and a digital disposal circuit 6 incorporate the input signal 
obtained in the BAIPU rain sector 1 and the transceiver circuit 2, signal processing performs to the 
amplitude detection pan for acquiring the B mode image of the cross section A of analyte, and a cross 
section B, and the output is incorporated by DSC7 by which latter-part arrangement was carried out, once 
memorizes and holds image information inside, and, subsequently to the picture signal of a display means 
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(television scan), changes and outputs this. The B mode image infomiation on the cross section A 
simultaneously obtained by B mode detection and the digital disposal circuit 6 is sent to the cross-section 
detector 8, and the cross section in the cross section A of a blood vessel is detected. On the other hand, the 
same direction is transmitted and received several times in the transceiver circuit 2, and when the output 
signal passes along the mulberry DORACHA detection 3, the Wall filter 4, and the frequency analysis 
machine 5, the blood rate-of-flow information over the tomogram for a cross section A is acquired. As 
shown in drawing 6 , the include-angle detector 9 carries out based on blood vessel edge 1 9 information 
acquired according to the B mode image, and asks for the include angle theta of the scan layer Al 6 for 
taking a cross section A, and a blood vessel to make. Moreover, after it carries out the blood rate-of-flow 
information acquired fi*om the fi^equency analysis machine 5, and blood vessel cross-sectional-area 
information acquired from the cross-sectional-area detector 8 based on the angle-correction data from the 
include-angle detector 9 and it is amended by the cross-sectional-area angle-correction machine 13, the 
blood stream by which angle correction was sent and carried out to the blood stream calculation machine 10 
is computed with the blood stream calculation vessel 10, and it is sent and displayed on DSC7. The blood 
rate-of-flow information simultaneously acquired with the frequency analysis vessel 5 is displayed as a 
CFM image of the cross section A by which angle correction was carried out, after angle correction is 
carried out with the angle-correction vessel 12 based on the information on the include-angle detector 9 and 
being sent to DSC7. 

[0014] Drawing 3 shows signs that two scan layers 15 and 16 are scanning the blood vessel 14 by the 
BAIPU rain sector 1 . Moreover, drawing 4 is the example of 1 display of two cross sections obtained by this 
scan, and displays simultaneously the B mode image of the blood vessel in the CFM image (color Doppler 
image) after amending the include angle which the ultrasonic beam in a cross section A and the direction of 
a blood flow make and a cross section A, and the cross section B that intersects perpendicularly. In addition, 
1 8 is a marker who shows the direction of a blood flow, and shows the result detected by the include-angle 
detector 9 in the blood vessel edge 19 shown in the B mode image of drawing 6 . 

[0015] Next, the calculation processing which calculates a blood stream, and its operation are shown below 
from the flow velocity by which angle correction was carried out with reference to the flow chart, drawing 
5 , drawing 6 , and drawing 7 of drawin g 2 , and the blood vessel cross section. The blood distribution image 
before angle correction [ in / in drawing 5 / a cross section A ] (Doppler image) and drawing 6 are the 
schematic drawing of the B mode image in the cross section B which intersects perpendicularly with it. As 
for 17, 14 before angle correction of the cross section A is carried out show the cross section of the blood 
vessel in a cross section B here. In the schematic drawing of drawing 5 , if the cross section S of the blood 
vessel determined by a certain raster 20 measures the blood vessel cross section (ST4) and the cross section 
is set to SI from the B mode information on a cross section A (STl), it will detect the include angle theta of 
a raster 20 and a blood vessel 14 to make firom a cross section B with the include-angle detector 9 (ST5). 
[0016] 
[Equation 4] 

S = Sl-cos (9 0" -0} 

It is alike and the blood vessel cross section after amendment is obtained more (ST7). Moreover, the average 
flow velocity after the angle correction of each pixel of the blood vessel cross section shown in drawing 7 is 
called for as follows by (ST6), for example as above-mentioned, 
[0017] 
[Equation 5] 

2 • f o •cose 

It is here and is the Cracoustic velocity fd. : Doppler deviation fi-equency fD : Ultrasonic transmit frequencies 
theta: The include angle and the Doppler deviation frequency fd which an ultrasonic beam and a blood 
vessel make [0018] 
[Equation 6] 

/ P (f ) d f 

From the ability to write, several 5 is [0019]. 
[Equation 7] 
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C / f • P (f ) d f 



2*f4>*co9» J'P(f)df 

It becomes. Next, in the blood stream computing element 10, a blood stream is computed from the blood 
rate-of-flow data after the angle correction obtained by the angle correction (ST6, ST7) of the blood rate of 
flow and the blood vessel cross-sectional area, and blood vessel cross-sectional-area data (ST8). A flow rate 
[ in / from the average stream flow which flows a blood vessel at this time being fundamentally calculated 
with the flow rate = (mean velocity V) x cross section (S) / one certain pixel ] is [0020]. 
[Equation 8] 

C X f • P (f ) d f 

^= X ^ . > ^ CSl • COS (9 0*^ -d) ) 

2*£o^co8e JP(f)df 
Sl-C /f*P(f)df cos(9O**-0) 



2"fp JP(F)df cosfl 

It becomes. The average flow-velocity component of the i-th pixel i is [ as opposed to / like drawing 7 / 
actually / the pixel of N individual of a blood vessel cross-section image ] [0021] here. 
[Equation 9] 
J f i ' P i ( f ) d f 

J P i ( f ) d f 

The blood stream which comes out, and flows one cross section since it is shown is [0022] as the average. 
[Equation 10] 
1 N-i J f i • P i C f ) d f 



N i.o / P i ( f ) d f 

It becomes. 
[0023] 

[Equation 11] 

S 1 - C ^ 1 N^l / f i • p i ( f ) d f 

X t a n 9 X z 



N .^o / P i ( f ) d f 

It is alike, and it is given more and displayed (STl 1). On the other hand, the blood rate-of-flow information 
in which angle correction was carried out by (ST6) is displayed as a CFM image in a cross section A 
(STIO). Moreover, apart from this, the B mode image (ST9, ST 12) of a cross section A and a cross section B 
can also be displayed simultaneously. 

[0024] Although it was shown that it is possible for the scan of the same location to almost be attained, and 
for the accuracy of measurement of a CFM image and a blood stream to improve by using this example as 
mentioned above, and to express as real time, by shortening the frame period of the measurement section 
and raising a raster consistency and the number of rasters, the resolution of an image also goes up and 
improvement in still much more real time nature is also considered. 
[0025] 

[Effect of the Invention] According to this invention explained in full detail above, parameters, such as 
approach, a CFM image which changes every moment, and a blood stream, can be displayed on breathing of 
analyte, pulsation, a body motion, etc. with a higher precision and real time nature, fiirther, the burden of the 
subject of stopping prolonged breathing can be mitigated by this, and the ultrasonic diagnostic equipment 
which makes it possible to also shorten the time amount of inspection can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 3 
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[Drawing 5] 




[Drawing 6] 




[Drawing 7] 




[Drawing 8] 
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[Drawing 2] 
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[Translation done.] 
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